Crude cholera toxin detoxified by treatment with Formalin showed an increased mobility and a decrease in the number of detectable protein constituents when compared with the parent toxin by disc electrophoresis. The significance of these observations in relation to the enhanced antigenic activity of cholera toxoid as compared to parent toxin is discussed.
In a previous study, crude cholera toxin converted to toxoid by treatment with 0.2% Formalin at 35 C for 4 days proved three to five times more antigenic in guinea pigs and rabbits than parent toxin on an equivalent dose basis (3) . We report here preliminary observations on the possible relationship of immunochemical changes to the increased antigenicity of the toxoid.
Vibrio cholerae serotype Inaba, strain 569 B, was used for the production of toxin by the method of Feeley and Roberts (3) . Toxin was subjected to four treatments: (i) nondialyzed toxin (pH 9.0), 0.2% Formalin; (ii) toxin dialyzed against 0.15 M phosphate buffer (pH 7.4), 0.2% Formalin; (iii) nondialyzed (pH 9.0), no Formalin; (iv) dialyzed (pH 7.4), no Formalin. These preparations were held at 35 C for 96 hr. Portions were removed immediately after addition of Formalin and at 24-hr intervals and dialyzed against phosphate-buffered saline (pH 7.4) for 72 hr to remove residual Formalin. Samples from each preparation were held at 4 C until all were available for concurrent titration by the skin capillary permeability factor assay in New Zealand Albino rabbits, by using a modification (3) of the procedure described by Craig (2) . Results were expressed as blueing doses (BD), one BD being the amount of toxin that caused a blueing reaction 7-mm in diameter after intravenous injection of Evans Blue dye. Antitoxinspecific serum was from rabbits immunized with crude toxin in Incomplete Freund Adjuvant and absorbed with killed vibrios to remove antibodies against vibrio cellular antigens (4). Neutralization tests were performed by incubating toxin with antitoxin at 37 C for 1 hr before skin testing. Triplicate samples of toxin and toxoid [concentrated to 5%O of the original volume by using polyethylene glycol compound (Carbowax 20-M, Union Carbide Corp.)] were disc-electrophoresed in polyacrylamide gel (7) . Gel columns of each material were handled as follows. The first was fixed with 12% trichloroacetic acid and stained with Coomasie blue to locate protein-staining bands; the second (unstained) was embedded in agar for immunoelectrophoretic analysis with absorbed antiserum; and the third (unstained) was cut into eight 8-mm segments, and each segment was eluted in 1.0 ml of phosphate-buffered saline (pH 7.4, 0.1 % gelatin) at 4 C for 18 hr. Each eluate was divided; one part was skin-tested per se and the other was treated with excess antitoxin before testing to determine antigenic specificity of the reaction. Table 1 shows that detoxification (i.e., "toxoid formation") was most rapid in the presence of 0.2% Formalin, and greater in the toxin that was dialyzed before addition of Formalin than in nondialyzed toxin. Considerable loss of activity occurred in the absence of Formalin at 35 C for 96 hr. Samples of the pH 7.4 toxin (not Formalintreated) were not tested due to the magnitude of the skin-testing assay.
Polyacrylamide electrophoresis demonstrated eight protein-staining components in the crude toxin (Fig. 1) . Figure 2 illustrates a disc immunoelectrophoretic precipitin band of the crude toxin with antitoxin specific serum. Tests of eluates from the 8-mm sections of the gel columns showed that the skin permeability factor resided in the same section of the column that gave a precipitin band in immunoelectrophoresis. The skin reactivity of these positive segments was specifically neutralized by antitoxin. The only other segment which contained any significant toxin activity was the sample gel. This indicated that some toxin remained at the cathode. Polyacrylamide electrophoresis of the Fig. 2. toxoid revealed alteration in the protein constituents when compared with its parent toxin. The toxoid appeared as one diffuse area of protein-staining material (Fig. 1) toxin (Fig. 2) . The toxoid migrated more rapidly than simultaneously electrophoresed toxin.
The present study indicates that treatment of cholera toxin with Formalin induced increased electrophoretic mobility of the antigenic moiety in disc electrophoresis consistent with either increased net negative charge or polymerization of the molecular entity, or both. Increased net negative charge would be expected from formation of methylol derivatives from amino groups due to Formalin treatment, and polymerization of protein toxins is a well-known effect of Formalin on tetanus toxin (6) . Cross-linking of toxin molecules with other proteins present in crude-culture filtrates is another possibility. The role of these physicochemical changes caused by detoxification and their effect on immunological activity deserve further study. Since cholera toxin is a relatively small antigenic entity (molecular weight = 10,000 to 60,000; 1, 5), polymerization or cross-linking to other proteins could con 
